Based on the pedigree, 66 maize inbred lines, which were mainly bred during the past 30 years were classified into four clusters (Huangzaosi, Mo17, 478 and Dan340). They were planted at three independent ecological locations in 2008 and 2009, and then the data of phenotypic traits (such as growth period, plant height, ear height, plant yield.) were collected. The results showed that leaf number and growth period were stably inherited within cluster Huangzaosi. And, within cluster Mo17, the traits of ear diameter, 100-kernel weight and kernel depth could be stably inherited. Lov, 100-kernel weight and ear length could be inherited within cluster 478. Rows per ear might be inherited within cluster Dan340. To efficiently utilize these key inbred lines, we should pay more attention to early growth period of Huangzaosi, high kernel weight of Mo17, rows per ear of Dan340 and some important traits of 478, or improve some other lines with those excellent traits within each cluster.
INTRODUCTION
Maize is one of the three most important crops in China. During the past 30 years, four key maize inbred lines have played a crucial role in maize variety improvement. They are used to cross a number of wide spread hybrids, or produce valuable derived inbred lines. Therefore, it is significant to assess the maize key inbred lines and their derived lines for breeding of new maize inbred lines in the future and the food security in China.
In China, there are four maize key inbred lines (Huangzaosi, Mo17, 478 and Dan340) . Huangzaosi, derived from open pollinated plant of Sipingtou, is one of the most important inbred lines in maize breeding and production. Since 1975, more than 42 hybrids have been produced by using Huangzaosi and its derived lines have *Corresponding author. E-mail: yubihuang@sohu.com. Tel: +86-835-2882331. been deeply examined, approved and spread (Li, 1997; Zeng et al., 1996) . Simultaneously, Mo17 is the most important line in Lancaster group. Up to now, Mo17 has been used in more than 100 hybrids (Xu et al., 2006) , among which Zhongdan2, Nongda108, and Yandan14 have played very important roles in the maize production in China, in the past decade. Meanwhile, many inbred lines, such as Ji846, Ji842, 4F1, and 419 derived from Mo17 have been bred in China (Lu, 2004) , and more than 40 hybrids have been crossed by the derived lines (Xu et al., 2006) . Especially, the Dan340, one of the key inbred lines of Luda Red Cob, has been widely used because of its high resistance to diseases, lodging resistance, high combining ability and suitable fertility. Subsequently, more than 30 inbred lines have been selected from Dan340 and more than 56 hybrids were crossed from Dan340 and its derived lines (Ning et al., 2002) . The key inbred line 478 was bred from two maize inbred lines 8112 and 5003. It has been used as a parent of more than 41 hybrids that have covered at least 39 570 000 ha. In addition, more than 19 hybrids were produced by its improved-lines, and these hybrids have covered at least 7 960 000 ha (Li et al., 2005) .
Why and how are there a large number of widely spread valuable inbred lines selected from these key lines? What is the main contribution of key inbred lines to them? Answering these problems is very important, and it is necessary to understand the formation mechanism of key lines. It was indicated that the improvement of hybrids was responsible for about 50-70% of the on-farm yield gains, and the better agronomic practices (such as more fertilizer and better weed control) was responsible for the remainder (Duvick, 1992) . There is no significant change for yield traits, such as ear length, rows per ear, 100-kernel weight over the past decade, but obviously changes in different years for the traits leaf orientative value and ear height/plant height (Niu, 2004) . In addition, kernel weight per plant and cob diameter of inbred lines increase with little effect on other yield traits, but ear height, ear height/plant height of these lines decrease significantly (Wang et al., 2001) . It was considered that kernels per plant has a fundamental effect on yield improvement of inbred lines (Xie et al., 2007) . Some researches indicate that the increase of 100-kernel weight and kernel per ear is very important to improve yield traits of inbred lines (Wang, 1997) .
The objective of the present paper is to reveal the performance, delivery and coordination mechanisms of the important agronomic traits of four key inbred lines by means of a multi-environment trial (MET).
MATERIALS AND METHODS

Plant material and experimental design
In 2008 and 2009 main season, a set of 66 maize inbred lines were planted at three locations: Duoying farm of Maize Research Institute of Sichuan Agricultural University in Sichuan province of China (representing the Southwestern hill and mountainous region. N:30°23′, E:103°28′), the farm of Northeast Agricultural University in Heilongjiang province of China (representing the Northern spring maize region. N:45°45′, E:126°38′) and the farm of Shandong Agricultural University in Shandong province of China (representing the Huanghuai summer maize region: N:36°11′, E:117°08′). These inbred lines could be divided into 4 clusters based on the pedigree. The key inbred line Huangzaosi and its derived inbred lines are in the first cluster, and coded from 101 to 130. The key inbred line Mo17 and its derived inbred lines are in the second cluster, and coded from 201 to 218. The key inbred line 478 and its derived inbred lines are in the third cluster, and coded form 301 to 307. While, the key inbred line Dan340 and its derived inbred lines are in cluster 4, and coded from 401 to 411. In addition, some lines were classified by the experience of breeders as supplementary. These inbred lines are listed by background in Table 1 .
At each location, a completely randomized block design with three replicates was used. The experiments were planted according to local practice with planting rate of about 60 000 plants hm -2 . Plots were single row 5 m long and 66.6 cm between rows. Ten plants were sampled randomly from each plot to investigate the phenotypic traits including growth period, plant height (cm), ear height (cm), stem diameter (cm), tassel branch, leaf number, and leaf orientative value (Lov), ear length (cm), bald length (cm), ear diameter (cm), cob diameter (cm), kernel depth (cm), rows per ear, kernels per row, ear weight (g), cob weight (g), 100-kernel weight (g) and yield per plant (g).
Statistical analyses
Analysis of variance (ANOVA) was conducted to determine the effects of environment (here, that is, combination of location and year), inbred line, and their interactions, on each phenotypic trait. Then, mean, coefficient of variability and coefficient of genetic variability of each trait were estimated across all environments, and mean, coefficient of variability of each cluster by location. Finally, statistically significant traits were analyzed using the principal component analysis (PCA). Three principal components were selected to draw matrix plot in order to show the relationships of these key inbred lines.
All the data were analyzed with SAS software (version 9.1. SAS Inst. Inc., Cary, NC, USA).
RESULTS
Main effects of environment (E) and inbred line (G), and inbred line by environment interaction (G×E) were highly significant (P<0.01) ( Table 2 ).
The variation for traits of key inbred lines
The coefficients of variation (CV) and genetic variation (CV g ) of each phenotypic trait across the 6 environments were estimated by each inbred line cluster in 
Effect of environment for traits of key inbred lines
The statistic CV of each phenotypic trait within each location was estimated for each key inbred line cluster (Table 4) . For Huangzaosi and its derived lines, there were the lower CV values on and leaf number (7.93% in Heilongjiang, 6.04% in Shandong and 11.21% in Sichuan). In addition, the CV value of growth period was the least in Heilongjiang and Sichuan, and leaf number in Shandong. For Huangzaosi and its derived lines, the means of plant height, ear height, growth period, ear length, tassel branch, bald length, rows per ear, kernels per row, 100-kernel weight, ear diameter, Lov, leaf number, kernel depth and yield per plant in Heilongjiang were significantly higher than that in Shandong and Sichuan. Besides, stem diameter, tassel branch and cob diameter were significantly higher than that in Sichuan, but lower than that in Shandong. The means of all traits in Shandong Loading refers to the relative contribution ratio of an original variable to the principal component axis. The components wer e rotated orthogonally to maximize the correlations among variables within each component and minimize correlations between components. a Individual character variables were weighted most heavily in each principal component.
were higher than that in Sichuan except for growth period, bald length and kernel depth (Table 4 ). The means of growth period, 100-kernel weight and kernel depth of Mo17 and its derived lines in Heilongjiang were significantly higher than that in Shandong and Sichuan. And the means of stem diameter, tassel branch and cob diameter was significantly higher than that in Sichuan, but lower than that in Shandong. Besides, the means of plant height, ear height, ear length, kernels per row, ear diameter, Lov, leaf number and yield per plant in Heilongjiang and Shandong was significantly higher than that in Sichuan. The means of traits except for growth period, rows per ear, 100-kernel weight and kernel depth in Shandong was higher than that in Sichuan. For 478 and its derived lines, the means of ear height, tassel branch, ear length, 100-kernel weight, Lov, leaf number and yield per plant in Heilongjiang and Shandong were significantly higher than that in Sichuan, meanwhile the means of stem diameter and cob diameter in Shandong were significantly higher than that in Heilongjiang and Sichuan. The means of traits except for plant height, ear diameter and kernel depth in Shandong were higher than that in Sichuan. The means of growth period and leaf number of Dan340 and its derived lines in Heilongjiang were significantly higher than that in Shandong and Sichuan, and stem diameter, tassel branch and cob diameter were significantly higher than that in Sichuan but lower than that in Shandong. The means of plant height, ear height, tassel branch, ear length, rows per ear and ear diameter in Heilongjiang and Shandong were significantly higher than that in Sichuan. The means of traits except for growth period, kernels per row, 100-kernel weight, kernel depth, Lov and yield per plant in Shandong were significantly higher than that in Sichuan.
Principal component analysis of key inbred lines
A principal component analysis on the phenotypic traits was performed and the results were listed in Tables 5 and  6 . The three principal components accounted for 69.0% of the total variance. The first component (Prin 1) was dominated by high loadings for stem diameter, ear length, kernels per row and cob diameter and denoted as a measure of ear diameter. The second component (Prin 2) comprised of 100-kernel weight and yield per plant and denoted as a measure of yield. The third component (Prin 3) was referred to plant type, including ear height, tassel branch and leaf number. To reveal the main inherited relationships among each key inbred line and its derived lines, three matrix plots were drawn based on the three components (Figures 1 to 3) .
There was obvious difference between cluster Mo17 and the other three clusters on Prin 2. There was no substantial difference on Prin1 but dramatic differences on Prin 2 among the inbred lines in cluster Dan340 (Figure 1) , indicating that the ear diameter factor could be stably inherited. There were dramatic differences among cluster Mo17, Dan340 and Huangzaosi on the plant type factor. There were obvious differences between cluster Mo17 and 478 on the ear diameter factor, but difference was observed between cluster 478 and Dan340 on the plant type factor (Figure 2 ).
There were dramatic differences among the inbred lines in cluster Huangzaosi on Prin1 and Prin 3 (Figure 2 ) but little differences on Prin 2 (Figure 1) , which indicated that the yield factor could be stably inherited to its derived lines for the key inbred line Huangzaosi. Similarly, there were little differences among the inbred line in cluster Mo17 on Prin 2, which indicates that the yield factor could be stably inherited to its derived lines (Figure 3 ). There were obvious differences on Prin 2 and Prin 3 between cluster 478 and other clusters, but little differences between the key inbred line 478 and its derived lines, indicating that they could be stably inherited (Figure 3) . The ear diameter factor of the key inbred line Dan340 could be stably inherited to its derived lines because of the little differences on Prin 1 (Figure 1 ).
DISCUSSION
Chinese maize was classified into 4 heterotic groups, that is, Sipingtou, Luda Red Cob, Ried and Lancaster (Li et al., 2003; Wang et al., 1997) . Many researchers studied the heterotic group of Chinese maize with SSR markers (Yuan et al., 2001) . Li et al. (2003) and Zhang et al. (2007) classified inbred lines into 6 clusters with SSR markers, which corresponded to the heterotic groups determined by their pedigree information and breeder's experiences. All the elite inbred lines in our research were included in the 4 main heterotic groups, which corresponded to the cluster determined by their pedigree information.
The key inbred lines have their special characteristics contributing to the genetic improvement of their offspring. It is very essential to find and utilize the characteristics of different elite lines for maize breeding. In fact, the characteristics or genes utilized were not the same in different ecological regions for different heterios groups and breeding goals. For example, one of the main heterotic patterns was "Group Reid×Group Tropic" in southwest China over the past decades. The selected hybrids always had the excellent traits, such as resistance to barren, resistance to disease, resistance to drought, good stay-green, and so on. The hybrids always obtained these characteristics from their parents, which belonged to one heterotic group and derived from one elite inbred line. Thus, the breeding procedure might be more efficient if the main genetic characteristics of each heterotic group could be determined.
In the present study, the phenotypic traits growth period, leaf number and ear diameter had little CV g values for each cluster, meaning that these traits could be inherited from each key inbred line to its derived lines, but some special traits of each key inbred line were inherited stably. For the key inbred line Huangzaosi, the phenotypic traits growth period, leaf number and ear diameter could be inherited to its derived lines owing to the smallest CV g values among the inbred lines in Huangzaosi cluster (Table 3) . Gao et al. (1994) indicated that the trait growth period was not significantly different between Huangzaosi and its derived lines. Zeng et al. (1996) found that the traits of plant type can be strong stably inherited from Huangzaosi to its derived lines. For the key inbred line Mo17, the phenotypic traits ear diameter, 100-kernel weight and kernel depth could be inherited to its derived lines because of the smallest CVg values among the inbred lines in Mo17 cluster (Table 3, Figure 3 ). For the key inbred line Dan340, the phenotypic traits ear diameter, 100-kernel weight, kernel depth and rows per ear could be inherited to its derived lines (Table 3) . For the key inbred line 478, the phenotypic traits 100-kernel weight, ear length and Lov could be inherited to its derived lines (Table 3) .
